
Assessment of changes in algal 
biomass accrual and leaf decomposition 
along a gradient of increasing 
agricultural disturbance 

Maisam Ali

Department of Aquatic Sciences and Assessment. 
Master´s thesis •  30 ECTS • Second cycle, A2E 
Uppsala Sweden 2015 

Faculty of Natural Resources and Agricultural 
Sciences

Sveriges lantbruksuniversitet 
Swedish University of Agricultural Sciences 



Assessment of changes in algal biomass accrual and leaf decomposition 
along a gradient of increasing agricultural disturbance 

Maisam Ali 

Supervisor: 

Examiner: 

Brendan McKie, Swedish University of Agricultural Sciences, Department 
of Aquatic Sciences and Assessment

Maria Kahlert, Swedish University of Agricultural Sciences, Department of 
Aquatic Sciences and Assessment, Section for Ecology and Biodiversity

Credits:  30 ECTS 
Level: Second cycle, A2E 
Course title: Independent Project/Degree Project in Biology - Master's Thesis 
Course code: EX0565
Programme: Forest as Natural Resource - Master's Programme

Place of publication: Uppsala, Sweden 
Year of publication: 2015 
Cover picture: Copyrightexpired.com 
Online publication: http://stud.epsilon.slu.se 

Keywords: Leaf decomposition,	  Algal biomass accrual, Stream biodiversity

Faculty of Natural Resources and Agricultural Sciences
Department of Aquatic Sciences and Assessment

Sveriges lantbruksuniversitet 
Swedish University of Agricultural Sciences 



3	  

Contents 

1 Summary……………………………………………….......p4 

2 Introduction……………………………………………........p5-8 

3 Material and methods…………………………………..........p8-11 

4 Results……………………………………………………...p11-14 

5 Discussion……………………………………........................p14-16 

6    Popular science Summary…………………….........................p17 

7  Acknowledgement………………………………………….p17 

8  References…………………………………………………..p18-22 



4	  

Summary 

1. Anthropogenic activities may impact stream ecosystems by distorting the energetic 
linkages between the aquatic and adjacent terrestrial habitats, or by modifying the aquatic 
environment directly. These impacts can affect biodiversity, ecosystem functioning, and 
stability in the stream ecosystem, all of which may compromise ecosystem services of 
importance to humans. Bio-monitoring schemes are required to assess such impacts.
2. Traditional biomonitoring focuses on the diversity and composition of biological groups, 
but there is increasing interest in monitoring ecosystem processes. I quantified two key 
ecosystem processes (litter decomposition and algal biomass accrual) to study the effect of 
different land use on stream ecosystem functioning. Ten streams were studied, representing a 
gradient of increasing agricultural land use in Östergötland County, Sweden, ranging from 
forested reference streams to heavily impacted agricultural sites.
3. Litter decomposition was assessed using the litter bag method, with coarse bags 
allowing access to invertebrates and fine mesh bags blocking invertebrate access. Thus 
decomposition rates in the fine mesh bags reflect microbial activity, while the coarse bags 
reflect microbial and detritivore activity combined. Algal biomass accrual rates was assessed 
by exposing tiles in the stream for a month, after which time the tiles were retrieved 
and algal biomass assessed.
4. Litter decomposition increased asymptotically along the land use gradient. This increase 
was associated with increased nutrient (N, P) flows from the fields to the streams. This 
increase was stronger in the coarse mesh bags than in the fine mesh bags, indicating stronger 
invertebrate than microbial responses to the gradient.
5. Little difference in algal biomass accrual was observed along the land use gradient 
despite the fact that there was an increase in nutrients, possibly reflecting elevated sediment 
loads to the most agricultural streams, which results in a poor light environment for algal 
growth.
6. My results showed that not a single assay is enough to give a complete picture of 
stream health, highlighting the value of multiple functional assays as a complement to 
traditional taxonomy-based monitoring, which can capture potentially contrasting impacts 
of human disturbances on different ecosystem processes. 
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Introduction 
Streams and river (i.e. lotic) ecosystems, characterized by unidirectional flow from 
headwaters to the sea, are integral to nutrient cycling in both natural and anthropogenically 
modified landscapes, and deliver fundamental ecosystem services, including fresh drinking 
water and recreational services such as fishing and bathing. Although streams and rivers often 
have substantial capacity to buffer disturbances, the range of multiple stressors streams are 
subjected too frequently reduce ecological integrity (Matthaei et al., 2010; Woodcock & 
Huryn, 2005). This may be reflected in losses in the diversity of running water life (microbial 
life, macro invertebrates, large animals, algae etc) and changes in ecosystem physiochemistry 
(Allan, 2004; Boon, 2000; Benke 1990; Dynesius & Nilsson 1994; Lenat, 1984). Streams that 
are facing declining ecosystem integrity are typically characterized by declining water quality, 
increasing algal bloom production, loss of aquatic diversity and a decline in volume of water 
etc. (Lenat, 1984).  
A major driver of environmental degradation worldwide is agricultural land management. 
Since the 1960`s the global population of humans has almost doubled, driving a dramatic 
increase in food production, which in turn has entailed an intensification of agricultural land-
use practices (for example pesticide and fertilizer use). Works by Alexandvatos & Bruinsma 
(2012) predicted that by 2050 more land will be converted to agricultural land in developing 
countries (Bremner et al., 2010; Godfray et al., 2010; Gibbs et al., 2009). Conversion of 
forests into agricultural land can have marked influences on aquatic environments (Arheimer 
& Liden, 2000; Lenat, 1984). This is because of the tight linkages between aquatic 
ecosystems, the surrounding landscape and terrestrial life. For example, agricultural fields are 
susceptible to increased runoff following rain. The runoff washes away soil particles and 
fertilizers, and delivers them to streams draining the landscape. Excess nutrients entering 
streams can shift the functioning of stream food webs (Woodward et al., 2012), while 
excessive sediment inputs may cover important habitats in the streams, hence excluding some 
life forms from their preferred habitat (Zweig & Rabeni 2001). 
The impacts of agriculture on stream ecosystems thus need to be carefully monitored, using 
both novel and existing techniques. Quantification of ecosystem processes is one novel 
approach that can give insight into how ecosystems actually work, as opposed to what they 
are made up of (Gessner & Chauvet, 2002). The responses of two approaches for assessing 
ecosystem functioning, a leaf-decomposition assay (Gessner & Chauvet, 2002) and an algal 
biomass accrual assay (Hladyz et al., 2011), to an agricultural nutrient gradient is a major 
focus of this Master`s thesis.  In this introduction I begin by briefly introducing the topic of 
stream water chemistry, and then present the topic of energy flow in stream ecosystems. I 
then provide an overview of methods for assessing impacts on ecosystem integrity, including 
functional approaches, before introducing my study, and the approach taken to address 
impacts of agriculture on water chemistry and ecosystem functioning. 

Water chemistry: 
Streams are characterized by a range of physiochemical parameters, e. g. nutrient status, pH, 
alkalinity, suspended sediments, and hydrological profile and so on (Asonye et al., 2007; 
Giller & Malmqvist, 1998). These parameters should vary within certain bounds in order to 
maintain the integrity of the stream ecosystem, particularly because different life forms in the 
stream survive and function best within certain physiochemical ranges. These physiochemical 
properties of the stream are regulated by a number of variables that are specific to each stream 
catchment and to its tributary subcatchments including catchment geology, soil 
characteristics, and characteristics of riparian vegetation. Additionally, anthropogenic factors 
including land use activities in the catchment, particularly agriculture, urbanization and 
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forestry activities, can have a strong influence on stream physico-chemical attributes, 
biodiversity and ecosystem functioning (Giller & Malmqvist, 1998, Woodward et al., 2012).  

Energy flow in lotic systems: 
The concept of an ecological food web describes trophic interactions and energy flows 
between different life forms within the ecosystem (Pace et al., 1999; Winder & Schindler, 
2004).The trophic web typically comprises the primary producers, which are 
photosynthesizing organisms, and consumers, including (i) herbivores that feed on the green 
plants, (ii) decomposers, for example microbes and detritivores that degrade dead organic 
matter (especially leaf litter), and (iii) predators that prey on the detritivores and herbivores 
(Cummins et al., 1973). Also, in the stream ecosystem, different trophic levels interact to 
maintain the food chain that exists within them. Balanced trophic interactions within the 
stream ecosystem generally favor efficient nutrient cycling with in the trophic levels 
(Carpenter et al., 1985; Pace et al., 1999). 
However, today truly pristine ecosystems are hard to find in many regions of the world, as the 
chemistry of most streams and their life forms have strongly being impacted by anthropogenic 
activities including intensive agriculture (Karr, 1991; Malmqvist & Rundlle, 2002). In one 
study, (Lenat,1993) found that streams draining intensively managed agricultural fields saw a 
declining species community richness of groups like Trichoptera, Ephemeroptera and 
Plecoptera, known to be intolerant to pollution. The shift from less tolerant taxa to more 
tolerant taxa in the agricultural streams were due in part to runoff from the agricultural sites, 
especially additions of nutrients and particular organic matter. This illustrates how water 
quality changes can impact diversity and composition of species (Gannon & Stemberger, 
1978; Meyer et al., 1988; Rosenberg et al., 2004). 

Biological assays to measure aquatic ecosystem integrity: 
Ecological integrity can be evaluated by comparing the composition and dynamics of an 
ecosystem, and comparing how these vary along a gradient of anthropogenic stresses ranging 
from strongly stressed to pristine (Karr, 1991). Up to now, most research on water 
management has evaluated ecosystem integrity based on assessments of the diversity and 
structure of biological assemblages. Studies on ecosystem integrity mostly use fish, 
macroinvertebrate assemblages, (Norris et al., 2000) benthic algal composition and/or 
macrophytes (Norris & Thoms, 1999) as indicator groups to evaluate the structural integrity 
of streams. This approach is now widespread and provides a useful framework for evaluating 
integrity. However, it also has some limitations. In particular, ecosystem integrity embodies 
two inter-related components (functional and structural integrity) (Cummins, 1974) The 
structural component of an ecosystem can be described by the qualitative and the quantitative 
changes in the biological diversity patterns and their corresponding resources at a unique time 
and place (Vitousek et al., 1997), whereas the functional component of ecosystem integrity 
relates to how an ecosystem uses and transforms nutrients and energy (Bunn & Davies, 2000; 
Gessner et al., 1999). This is reflected in rates of important ecosystem level processes i.e. 
specific biological activities that run with respect to each biological diversity pattern exhibited 
at a specific time and place. Thus, in order to make comprehensive ecosystem evaluations, an 
evaluation of the functional integrity of the ecosystem may often be needed to complement 
the structural integrity evaluations. Bunn & Davies (2000) suggest that the structural and 
functional attributes examines separate aspects of the same system, therefore both aspects 
should be considered to get a comprehensive assessment of the ecosystem integrity. However, 
while it is well recognized that anthropogenic stress can impact ecosystem functioning, it is 
still often not clear how to assess how changes in functioning and ecosystem integrity are 
related. 
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Assays for measuring ecosystem functioning: 
There are a variety of functional assays (Palmer & Febria, 2012) that may be used in stream 
bioassessment. Examples of some of the functional assays include the evaluation of benthic 
algal biomass accrual, measurement of respiration rates by microorganisms in a community, 
determination of respiration rate from sediments, determination of secondary growth of 
macroinvertebrates, and measurements of N2 uptake rates in biofilms (Bunn et al., 1999). The 
most appropriate assay to use depends on the stress type imposed on the stream. Thus there is 
need to know the nature of the stress before choosing a particular functional assay, which 
remains challenging due to the lack of baseline information on responses of different 
functional metrics to different disturbances. For example, when evaluating how alterations in 
light patterns/intensity affect streams ecosystems functioning, a good functional assay to use 
is likely to be the primary production of the benthic algal community (Hladyz et al., 2011). 
Changes in canopy cover of the riparian vegetation (Sabater et al., 1998) and increases in 
turbidity of the stream (Bunn & Davies, 2000) associated by intensified land use are factors 
that alter light reaching the streams, and algal biomass accrual is likely to be a good assay for 
tracking effects of these disturbances. 
The productivity of algae and other primary producers is a basal process in the functioning of 
stream food webs, with algae in particular providing an important, high quality food for 
invertebrates and other consumers (Lamberti et al., 1989). Algal biomass accrual –  the sum 
total of changes in algal standing stocks influenced by algal productivity and grazing pressure 
and other distrurbances – is particularly sensitive to agricultural disturbance (Jarvey., et al., 
2006; Sharpley & Withers, 1994). Two of the most important large scale impacts on streams 
associated with agricultural land use are the runoff of nutrients and sediments increased 
runoff of phosphorous and nitrogen to streams stimulates algal growth which may cause a 
buildup of algae greatly exceeding the resource demands of consumers. Algae not consumed 
by herbivores will decay. The decaying process consumes large amount of oxygen in water. 
Insufficient oxygen in the water reduce several of, plants and animals (Kohler & Soluk, 
1997). Apart from nutrients, and additional problem in agricultural landscapes is an increased 
runoff of sediments like clay and silt arising from erosion, which can increase the water 
turbidity. If the concentrations of the particulate matter are high enough, they may alter the 
light reaching the water. This may result to a declining photosynthetic rate by the plants in the 
stream (Grantz et al., 2003; Yentsch, 1962).  
Another important functional bioassay technique is the leaf decomposition assay. It is well 
documented that leaf litter is a major source of energy in streams, especially well shaded 
headwaters (Canhoto & Graca, 2006), where leaf litter from the riparian zone constitutes a 
major source of organic matter. The decomposition of leaf litter reflects the activity of 
microbes and detritivore invertebrates that colonize the fallen plant litter, incorporating the 
energy and nutrients contained in the litter into biomass (i.e. fungal and invertebrate biomass), 
or break the litter down to smaller particle sizes (Wallace, Webster & Cuffney, 1982). Fungal 
and invertebrate biomass in turn can be consumed by other trophic levels, while fecal 
particles are consumed by filter and deposit-feeding invertebrates (Cummins & Klug, 1979). 
Leaf decomposition is underpinned by microbial enzymatic catalysis, where enzyme activity 
speeds are determined by temperature and water chemistry (Tonin & Hepp, 2011; Alster et 
al., 2013). Further factors that influence litter decomposition include the species identity and 
quality of the litter itself, species differ in concentrations of nutrients and refractory 
compounds including lignin (Moorhead et al., 1999), which in turn affects the biomass, 
abundance and species composition of leaf eating detritivores. These detritivores, often called 
shredders, are responsible for the bulk of leaf mass loss (Hieber & Gessner, 2002).  
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My study: approach and predictions: 
I studied both algal biomass accrual and leaf decomposition in ten streams and they ranged 
from pristine sites flowing through forests, to sites impacted by both nutrients and sediment in 
farmlands. I tested the following hypotheses: (i) agricultural streams will be generally 
characterized by higher nutrient loadings, turbidity and sediments compared to the forest 
sites; (ii) increasing nutrients will drive increases in both decomposition and algal biomass 
accrual, due to bottom-up stimulation of algae and microbes, unless sediments hinder the 
activities of these organisms; (iii) detritivore abundances will decline with increasing nutrient 
loadings, reflecting harsher conditions in the more agricultural sites. 

Material and Methods 
During autumn 2012, ecosystem functioning was assessed in ten streams representing a land 
use gradient from fully forested to predominantly agricultural catchments. The study sites 
were located in the province of Östergötland in the south of Sweden (Fig 1, Table 1). The 
forest type was composed of mixed deciduous and coniferous vegetation (Betula Pendula, 
Fraxinus excelsior and Picea abies). All streams had intact riparian vegetation, ranging from 
5-10m width for the agricultural streams, to extensive forest around the non-agricultural sites. 
All the streams had a rocky bottom (with predominantly, cobbles and some gravel) and some 
of the streams were rich in nutrients.	  

 
Fig. 1: GIS Maps displaying site locations of the ten different streams types (Agricultural, 
Forested and Mixed landuse) in south of Sweden.
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Table 1: Selected physico-chemical features of the investigated streams.  
 

 
 

Algal biomass accrual assessment: 
Algal biomass accrual was quantified using the “Tile Method” (Lamberti & Resh, 2006; 
Sabeter et al., 1998). Unglazed bathroom tiles were installed in the streams and left for 
colonization by algae. At each study site, eight tiles were installed during August, in four 
groups of two. Each group of two tiles were tied to a metallic frame and fixed to the stream 
bed with the aid of two metallic bars. The tiles remained in the water for 40 days during the 
months of August and September and the Bentho Torch was then used to collect-measure the 
algal biomass accrual  on tiles. The Bentho Torch is an instrument that allows quick and easy 
measurement of algal biomass (as chlorophyll) from stream substrates, based on fluorescence 
of cholorophyll (Kahlert and McKie, 2014). Final algal biomass was quantified as µg 
chlorophyll a per square centimeter of tile area, representing the total growth of algae per 
square centimeter during the study period. 
	  
 
 
 
           

                              
            Fig.2: Tiles installation and bentho torch measurements. Photos: Amélie Truchy 

Leaf decomposition trial 
I studied decomposition of birch (Betula pendulum) leaf litter, collected from mature birch 
trees just upon abscission (when the leaves were yellow and falling down) and air dried in the 
lab. The air dried samples were weighed and put in labeled mesh bags in standard weights of 
5±0.1 g)(M1, i. e. initial mass of each bag, at time zero) for coarse and fine bags (sizes 1 cm 

Nature of
stream
catchment

1.       Kisaån Mixed 57°58’N15°35’E 1.	  74 7.	  5 0.	  000 4 9 8 2
2.       Stjärnopebäcken Mixed 58°30’N15°33’E 3.	  49 7.	  7 12.	  940 322 26 107 46
3.       Pinnarpsbäcken Mixed 57°58’N15°30’E 2.	  61 7.	  6 93.	  391 255 4 13 3
4.       Bulsjöån Forested 57°51’N15°21’E 1.	  3 7.	  1 0.	  000 68 41 12 3
5.       S ilverån Forested 57°43’N15°21’E 2.	  1 7.	  2 0.	  000 39 5 11 4
6.       Storåns nedre delar Agricultural              58°8’	  	  N16°13’E 1.	  74 7.	  5 0.	  200 156 34 41 15
7.       Borkhultsån Agricultural 58°16’N16°11’E’ 0.	  87 7.	  6 0.	  000 13 6 11 2
8.       Borrumsbäcken Agricultural 58°20’N16°37’E 3.	  05 7.	  4 18.	  467 1242 78 173 112
9.       Kapellån Agricultural 58°23’N15°29’E 2.	  18 7.	  7 126,	  992 1580 78 181 136
10.     Vadsbäcken Agricultural 58°35’N16°23’E 0.	  87 7.	  8 102.	  517 1269 147 358 225

Tot._P(µg/l) PO4-‐P(µg/l)	  	  	  	  Pair   Stream name                  Location
Slope	  
(%)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

pH Turbidity NO2+NO3-‐N(µg/l)	  	  	  	  	  	  	  	  NH4N(µg/l)
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vs 500 mm) respectively. For each site, 5 replicates were prepared for both the coarse and the 
fine bags. The purpose of the fine bags (0.5mm) was to prevent leaf shredding 
macroinvertebrates from entering the bags while still allowing microbial colonization, 
whereas the coarse mesh bags (10mm) were designed purposely to give access to shredders 
that colonize the leaves and readily can decompose them.  
The replicate bags were then taken to the study sites for installation in September 2012. At 
each site, five iron bars staked out at five evenly spaced points in the middle of the stream 
over a reach of approximately 20m. On each bar one fine and coarse bag were tethered. 
Temperature loggers were attached to one bar in every site and set to record temperature 
hourly.  
The bags were recovered after 40 days from the first day of installation, during November. In 
the lab each labeled sample bag was open and poured in a tray of water to remove debris and 
other unwanted matter (rocks, sand, twigs). Invertebrates were separated from the litter and 
were preserved in 95% ethanol, with individuals classified as leaf eating detritivores (also 
called “shredders”) counted. After removing unwanted matter, the leaves were removed from 
the water and put in an open box and dried in an oven at 50 °C. After drying for 48 hours the 
leaves were weighed. The measured weights were then recorded as weight after 
decomposition of leaf litter (M2, mass remaining i.e. Mass of mesh bag after a particular time 
interval). Each litter sample was further ground, weighed and then ignited at 550 degree 
Celsius for 4 hours. The remaining ash was then weighed, in order to estimate mineral ash and 
this value was used to calculate ash free dry mass (AFDM) (Swift et al 1979).  

 
Fig. 3: Collection, installation and oven drying of leaf litter samples.  
 
Decomposition rate was calculated using the following negative exponential equation which 
has been shown to best represent the non-linear trajectory of decomposition (Benfield, 1996): 
                                               -k=ln (mass remaining /mass initial) 
                                                                         Time (days) 

Statistical analysis: 
My sites represented gradients of increasing input, and could not easily be divided into 
distinct categories. Hence I relied on regression and multivariate statistics rather than 
ANOVA for analyzing my data.  
To address hypothesis (i) I conducted a principal component analysis (PCA) of the streams 
physicochemical characteristics using Minitab (version 16), with a focus on identifying sites 
characterized by high sediment and nutrient loadings. The data included were turbidity, 
silicate, conductivity, alkalinity, sulphate, pH, ammonium, k-fine degree day, k-coarse degree 
and total algae concentration. Following the PCA analysis, I further assessed how the main 
environment variables changed along the nutrient gradient using regression analysis. Total P 
was chosen as the representative measure of nutrients, but was strongly correlated with other 
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nutrient measures (e.g. TIN, PO4). The regressions between total P and the other 
environmental parameters are intended to identify strongly associated variables, but do not 
imply causality (i.e. a relationship between Total P and turbidity should not be interpreted as 
meaning Total P drives turbidity). 
To assess hypothesis (ii) I first tested the response of leaf decomposition and final algal 
biomass to the nutrients using linear regression. I chose Total P as the predictor variable best 
representing the increase in nutrients along the gradient, through use of other nutrient 
measures (TIN, PO4) also gave similar results.  
However, nutrients were not the only environmental parameter changing along the gradient. 
Hence, I further used partial least square regression (PLS) to assess the relative importance of 
the main factors varying along the gradient for explaining variation in decomposition, and in 
as no significant relationship between the nutrient gradient and decomposition in the fine bags 
was detected (see Results). PLS identifies both the most important predictor variables for 
explaining a response variable (via so-called VIP values – Variable Importance on the 
Projection), but also estimates the regression slope for each predictor variable (Eriksson et al., 
1999). All PLS regressions were performed in JMP (SIMCA-P version 10·0). MINITAB 
software (version 16)  
Hypothesis (iii) was addressed by fitting detritivore abundances against Total P in a 
regression model. 
 
Results 

Variation in physico-chemistry among sites: 

Fig. 4: Principal component analysis (PCA) of site characteristics of ten different catchment streams 
types in Östergötland County, Sweden. 	  

In a multivariate ordination of the streams abiotic characteristics (Fig. 4), the first axis broadly 
captured the nutrient gradient, ranging from the more enriched sites Vadsbäcken, Kapellån 
and Stjärnorpebäcken at one end, with Silverån and Bulsjöån at the other. (i.e corresponding 
to the “agricultural and forested” land use categories in Fig. 8) The agricultural sites were also 
more heavily affected by elevated turbidity (Table.1). 
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Leaf decomposition and algal biomass accrual: 
Litter decomposition in both coarse and fine mesh bags both appeared to increase non-linearly 
along the total Phosphorus gradient (Fig. 5 and 6), but the relationship was only significant in 
the coarse mesh bags (Fig. 6).  There was no significant relationship between final algal 
biomass and the gradient in total Phosphorus (Fig. 7).  

 

Fig. 5: Response of stream litter decomposition (K-Fine degree day) to stream total Phosphate levels. 
Litter decomposition in fine mesh bags was positively associated with the streams phosphate levels, 
but the relationship was not statistically significant. (R2=0.22, P=0.167). 

 

Fig. 6: Response of stream litter decomposition (in k-Coarse degree day) to stream total Phosphate 
concentrations. Leaf decomposition in the coarse bags is positively associated with the streams total 
phosphate concentration (R2= 0.6 and P< 0.008). 
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 Fig.7: Relationship between algal chlorophyll and stream total phosphate concentration Algal bio-
mass was positively associated the streams phosphate levels. (R2=0, 0597 and P= 0,017). 

Abiotic variation along the nutrient gradient: 
Several abiotic variables increased along the nutrient gradient. These include other total 
Phosphorus, other nutrients, such as ammonium, which increased as phosphate increased. 
Additionally, turbidity, silicate, conductivity, alkalinity and sulphate (Table 3, Fig.8). 	  
 

 

Fig. 8: Nutrient trend on different streams. 
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Partial least squares regression: 
In PLS analysis of decomposition in the coarse mesh bags, the most important predictors in 
the model were the extent of stream turbidity, with higher levels associated to faster litter 
decomposition (Table 2). Other important predictors that were also positively associated with 
litter decomposition were ammonium, phosphate, silicate, nitrates, DOC, and sulphate (Table 
2). However, mean insect detritivore abundances was negatively associated with litter 
decomposition in the stream (Table 2). 
 
Table 2: Variable important predictors obtained from PLS regression analyses of litter decomposition 
(K-degree day in coarse mesh bags). Only variables with VIP > 0.7 are shown, reflecting the cutoff for 
inclusion in the model.  

 
 
 
The most significant predictors from PLS analyses of final algal biomass were stream 
alkalinity, with higher values associated with faster algal biomass accrual (Table 3). Other 
important predictors that were also positively related to final algal biomass were phosphate, 
nitrate, and pH. In contrast, DOC, turbidity, silicate and ammonium were negatively 
associated with litter decomposition in the stream (Table 3). 
 
Table 3: Variable important predictors obtained from PLS regression analyses of stream 
algal biomass accrual rate only variables with VIP > 0.7 are shown, reflecting the cutoff for 
inclusion in the model.  

 

Variable VIP Coefficient
Coarse Turb. FNU 14,882 0,1328

NH4_N µg/l 14,016 0,125
PO4_P µg/l 12,916 0,1152
Si mg/l 12,529 0,1118
NO2+NO3_N µg/l 10,806 0,0964
DOC(mg/l) 0,8219 0,0733
Mean insect detritivores per litter bag 0,8105 -0,0723
SO4_IC mekv/l 0,7475 0,0667

Total algae Alk./Acid mekv/l 13,142 0,363
pH 11,184 0,3302
DOC(mg/l) 10,878 -0,3299
Turb. FNU 10,216 -0,1635
SO4_IC mekv/l 0,9782 0,203
Si mg/l 0,88 -0,0981
PO4_P µg/l 0,8569 0,0279
NH4_N µg/l 0,8342 -0,0079
NO2+NO3_N µg/l 0,7961 0,1229



	  

15	  
	  

Discussion 

Evaluation of hypothesis: 
My results confirmed hypothesis (i) with the most agricultural sites generally characterized by 
the higher nutrient concentration and sediment loads (Table. 1 and figure. 8). However, 
hypothesis (ii) that nutrients would stimulate both leaf decomposition and algal biomass 
accrual, was only confirmed for decomposition in the coarse mesh bags. Algal biomass 
accrual did not vary with increasing nutrients, with PLS analyses indicating limitation of 
growth especially by DOC, which was high in the reference sites, and turbidity, which was 
highest in the most agricultural sites. Finally, hypothesis (iii) was confirmed, with detritivore 
abundance declining with increasing nutrients. 
 

Litter decomposition and the effects of different factors (based on PLS): 
My results show that litter decomposition increased asymptomatically with increasing 
phosphorus, though the result was only significant in the coarse mesh bags. This is in line 
with my prediction for decomposition under hypothesis ii, that increases in nutrients along the 
gradient stimulate decomposition. The PLS regression indicates that apart from phosphate 
other nutrients (NO2+NO3, NH4), and silicate and turbidity were all positively associated with 
decomposition. As nutrients are picked up by the microbes, it stimulates faster litter 
decomposition, as demonstrated in many previous studies (e.g. Aponte et al., 2012; Couteaux 
et al., 1995). Robinson & Gessner (2000) also showed nutrient addition can increase feeding 
activity by invertebrates. They treated some of their leaves with additional N and P, and found 
that positive effects on microbial activity had knock-on effects on macroinvertebrate feeding. 
Other studies highlight positive effect of P and NH4 (Gessner & Chauvet, 1994). 
The positive effect of turbidity on litter decomposition could be because an increase in 
sediment load may lead to litter undergoing physical abrasion (Lepori, Palm & Malmqvist, 
2005; Benfield et al., 2001). The positive effect of DOC, and Sulphate in the PLS analysis 
and some other micronutrients points on a role in litter decomposition, especially in 
stimulating the activities of heterotrophic microorganisms on leaf litter and hence stepping up 
the decomposition rates of the litter (Gessner & Chauvet, 1994).  
However the PLS model also shows surprisingly that mean detritivore abundances per litter 
bag was negatively correlated to the litter decomposition. This is contrary to what we 
expected because detritivores cause fragmentation of leaf litter (Gessner et al., 1999) and they 
also reduce the particle size of the litter there by facilitating the decomposition process 
(Hieber & Gessner, 2002). My results might be so because in the most turbid streams where 
detritivore densities were high, increased sediment load may bury the litter and also the high 
flow (Table 1) which may prevent the detritivore to easily eat them (e.g. Lepori et al., 2005). 
Or it could be that although the detritivore species were of high biomass, their taxonomic 
composition may have changed to species less capable of eating the leaves (i.e. with softer 
mouthparts). These alternatives could be assessed through experimental studies examining the 
effects of sediments on detritivore feeding, and through identification of detritivores to 
species level (Woodward et al., 2012). 
As expected, decomposition was more rapid overall in the coarse- than fine-mesh bags, as 
observed in many previous studies (e.g. McKie & Malmqvist, 2009; Masese et al., 2014),  
reflecting the stronger effect of invertebrate feeding on mass loss, compared with microbial 
feeding. The non-significant result in the fine mesh bags might be because the study needed to 
be run for longer to detect an effect of nutrients on decomposition mediated by microbes 
alone. 
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Algal biomass accrual and influences of abiotic factors (Based on PLS): 
Agricultural practices typically cause increases in both nutrient and sediment transfer to the 
streams, as seen in my study. Giller & Malmqvist (1998) showed that when there is increased 
nutrient runoff to the streams after N and P application in agricultural fields that can enhance 
growth of algae (Lenat, 1984; Malmqvist & Rundlle, 2002; Karr, 1991; Sharpley et al., 2001). 
However, in my study algal biomass accrual  did not respond to the nutrient gradient as we 
expected. While some algal biomass accrual was observed in all the studied streams, the 
relationship between the algal biomass accrual and the land use type was weak to nonexistent. 
This was contrary to what we expected, given nutrients, and phosphorous in particular, are 
long recognized as limiting for algal biomass accrual in streams (e.g Dzialowski et al., 2005).  
The Partial Least Squares regression analysis indicates that turbidity, which was highest in the 
most agricultural streams, was negatively associated with algal biomass accrual, and this is 
likely to have contributed to the lack of response by algal biomass accrual to elevated 
nutrients in the most agricultural streams. Specifically, while nutrients were positively 
associated with productivity; the negative effect of turbidity appears to have limited the 
capacity of algal biofilms to respond. This is because an increase in stream turbidity reduces 
the potential for sunlight to penetrate the water, as needed for normal growth of periphyton 
(Northcote et. al., 1975; Welch, 1980). The lack of a response in algal biomass accrual may 
additionally reflect increased scouring of biofilms caused by elevated sediments resulting in 
abrading of the growing algae. Grazer pressure might also have varied along the gradient (for 
example increased is agricultural sites and there by limited growth) but I did not quantify this. 
There was also a negative correlation between the DOC levels and algal biomass accrual in 
the PLS regression analysis. The DOC effect is likely to reflect attenuation of light, because 
increased water color reduces light availability (Thrane et al., 2014; Jones, 1992), DOC did 
not vary systematically along the gradient, but as concentrations were high even in the 
reference sites, and this could explain limited algal biomass accrual at the low-nutrient end of 
the gradient. Additionally, studies have shown DOC makes some important elements (for 
example iron less bioavailable) Thus, there were factors potentially limiting growth at both 
the low (DOC) and high (turbidity) ends of the gradient. 
 

Comparing litter decomposition and algal biomass accrual: 
My litter decomposition assay changed in response to the nutrient gradient, indicating 
accelerated cycling of leaf litter (organic matter) in response to nutrient enrichment. In 
contrast, the algal biomass accrual assay might appear not to have given great insights into the 
effects of agriculture on functioning, given there was no significant result. But in fact my 
results are revealing: they showed that a key ecosystem process  - primary productivity - is 
potentially suppressed in the more agricultural streams by increased sedimentation and 
turbidity. My results for both the decomposition and algal biomass accrual assay highlight a 
major challenge in using functional measures for bio monitoring where to draw “cut off” 
parameters for determining environmental impairment, or how to judge if functioning in the 
system is impaired and not able to buffer certain disturbances. In fact, my results highlight the 
need for other types of environmental assays (both structural and physical) to complement 
functional assays to draw meaningful conclusions interpretation of a functional assay is 
difficult without complementary data on the organisms mediating the processes. 

Wider perspective: 
My results showed that no single assay is sufficient to draw conclusions on the streams health 
status. There is need for multiple functional assays. If I had studied litter decomposition alone 
I would have seen a largely expected response to nutrient enrichment, though availability of 
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additional physico-chemical data allowed a deeper exploration of which factors contributed 
most to this response. However, the algal biomass accrual assay showed no response to a 
stronger functional impairment, reflecting the strong effect that high turbidity can have in 
limiting the response of algal biomass accrual to the increased nutrient values.  
The availability of other types of information would increase the insights that could be drawn 
from my study. For example, information on the diversity of microbes, periphyton and aquatic 
animals is needed for insights into how biological changes along the gradient affected 
functioning, while information on stream flow, topographic slope and catchment geology 
would assist in better understanding fluxes in sediment loads, likely a result of erosion. Such 
data could also be used to identify mitigation strategies, such as the possibilities for growing 
vegetation at the catchment site to hold nutrients and sediment, or ridges could be developed 
to counteract erosion (Hagmann, 1996; Zhou, Shangguan & Zhao 2006; Zhou et al., 2008). 
From my results it is difficult to be definitive as to whether the nutrient flow or sediment load 
is a greater problem for overall ecosystem integrity. Nevertheless, it seems clear that reducing 
turbidity will lead to increased algal biomass accrual at small scales. 
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Popular science summary 
Aquatic ecosystems remain of great value to humans as they are sources of water for drinking 
and agriculture, while providing recreational services through eg fishing. Aquatic 
environments are also habitats for other important life forms, such as algae and play a key 
role in processing and retaining elements like phosphate and nitrogen etc from the atmosphere 
and the environment. Hence this aquatic environment needs to be fairly stable to maintain 
these life forms and ecosystem services for example cycling and movement of nutrients, 
mitigation of floods and droughts and purification of air and water (Boyd & Banzhaf, 2007) 
but such stability can be undermined by human activities, including excessive inputs of 
elements like P and N from agricultural landscapes. Therefore it is necessary to monitor 
stream ecosystems to assess their environmental status, so that important life forms and the 
chemical features of the water does not change too much to render it undrinkable and less 
habitable to aquatic life forms. 
Traditionally, stream ecologists have used changes in biodiversity as means to measure the 
stability of aquatic ecosystems (ecosystem status). These methods are good for detecting 
shifts in freshwater communities but may miss changes in the way ecosystems function, 
which limits insights about ecosystem services. Hence, today functional bioassays are now 
used to complement these methods. I used two measures of ecosystem functioning, leaf litter 
decomposition and algal biomass accrual, to monitor ecosystem status in ten streams in 
Sweden which represented a gradient of increasing agricultural disturbance, as represented by 
increasing nutrient concentrations. There is an increased nutrient load for example P and N in 
the agricultural streams relative to forested streams. The results also show that the agricultural 
streams have increased sediment loads compared to the mixed and forested streams. Litter 
decomposition increased asymptotically with increases in nutrient level (for example N and P. 
In contrast, algal biomass accrual though did not reflect the stream nutrient gradient. My 
results showed that no single assay is sufficient to draw conclusion of the streams health 
status. There is need for multiple functional assays. If I had studied litter decomposition alone 
I would have seen a largely expected response to nutrient enrichment, though availability of 
additional physico-chemical data allowed a deeper exploration of which factors contributed 
most to this response. However, the algal biomass accrual assay in showing no response 
points to a stronger functional impairment, reflecting the strong effect that high turbidity can 
have in limiting the response of algal biomass accrual to the increased nutrient values. 
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